yjlK 514.172.45 
HeKOTopbie npHMepbi CMe:;*:HOCTHbix 

MHOrOrpaHHHKOB KOpaSMepHOCTH 4 

PoCTHCJiaB J\eB^lTOB 

AHHOTail,HiI 

B HacTOHmen CTaTte nocTpoena cepna KOM6HHaTopHbix thhob 

CMeJKHOCTHblX MHOrOrpaHHHKOB B M.'^'^ C HHCJIOM BCpiUHH N = 2d -\- A. 

Bee noeTpoeHHbie MHororpaHHHKH HMeiOT njioeKyio ^narpaMMy Fefijia 
OHpe^ejieHHoro BH^a, a HMeHHo: b neft poBHO d + 3 nepntix ToneK, 
jiejKamHx B BBinyKjiOM nojiOHceHHH. 

TaKHe flHarpaMMBi Feiijia napaMeTpHsyiOTea 3-flepeBBHMH (flepe- 
BBHMH e HeKOTopoH flonojiHHTejiBHOH eTpyKTypoit) . 

^,Jl^l Beex MHororpannnKOB HoeTpoeHHoii eepnn nnejio rpaneft pas- 
MepHoeTH m, eoflepacamnx Bepmnny A, saBnenT jihuib ot d h m. 



1. BBe/i,eHHe 

CMe:acHOCTHbie h ii;HKjiHHecKHe MHororpaHHHKH 

MHororpaHHHK b nasbiBaeTca CMeofCHOcrriHUM, ecjiH jiioSbie \_D/2\ ero 
BepniHH o5pa3yiOT rpanb. Mbi 6yfleM pacciviaTpHBaTb cjiynaH, Kor;i;a D hgtho 
{D = 2d) , Tor;i;a jiioSbie d BepniHH CMe>KHOCTHoro MHororpaHHHKa oSpaayiOT 
rpaHb. 

HpHMepoM CMe>KHOCTHoro MHororpaHHHKa aBjiaeTca n,HKjiH^ecKHH mho- 
rorpaHHHK [I]. JJ^Jin ero nocTpoenHa HcnojibsyeTca npuean MOMenmoe e R^, 
KOTopaa co;i;epjKHT Bce tohkh BH^a {t,t'^,t^, . . . ,t^), Tji^e t G R. BbinyKJiaa 
o6ojiOHKa jiio6oro KoneHHoro noflMHOJKecTBa kphboh MOivieHTOB naabiBaeT- 
ca ii;HKJiHHecKHM MHororpaHHHKOM. L[HKJiHHecKHH MHororpaHHHK aBJiaeTca 

CMeJKHOCTHblM. 
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HsBecTHO [I], [2], ^TO HHCJio rpanen n,HKjiHHecKoro MHororpannHKa (|)hk- 

CHpOBaHHOH paSMepnOCTH MaKCHMajIbHO B03M0>KH0e flJia MHOrOrpaHHHKOB 
TaKOii paSMepHOCTH C TaKHM KOJIHHeCTBOM BepniHH. 

KpoMe ii;HKJiHHecKoro, flajKe b neTHOH paaiviepHOCTH cymecTByiOT flpyrne 
npHMepbi CMejKHOCTHbix MHororpaHHHKOB c D + 4: BepniHHaMH (b HeneTHOH 
pasMepnocTH CHTyan,Hfl npome, cm. [3j). 

HepBbie npHMepbi CMe>KHOCTHbix MHororpannHKOB Sbijih nojiy^eHbi 
FpiOHSayMOM [4]: j^jisi D = A ecTb 2 KOiviSHHaTopHbix Tnna CMejKHOCTHbix 
MHororpaHHHKOB, He CHHTaa n;HKJiHHecKoro. 

^HarpaMMa Feiijia (cm. p^) 

BeKTopnaa ;i;HarpaMMa Fefijia HOSBOJiaeT K0H4)Hrypan;HH X* h3 N tohgk b 

D-MepHOM HpOCTpanCTBe HOCTaBHTb B COOTBCTCTBHe KOH(|)Hrypan;HIO X H3 

N HenyjieBbix bgktopob b (A^ — D — l)-MepHOM HpocTpancTBe. 

ripH 3T0M KOMSHHaTopHKa X HOJiHOCTbK) onpeflejiHGTca KOMSnnaTOpH- 
KOH HCxoflHOH KOH(J)Hrypan,HH X* (cm. onpe^ejieHHa b [T]) h Hao5opoT. 3to 
KanoHH^ecKoe cootbctctbhc, t. e. aBTOMop4)H3Mbi X HHflyn,HpyiOT aBTOMop- 
4)H3Mbi X* H naoSopoT. 

D^eHTpajibHaa HpoeKn;H5i (h3 nanajia KOop;i;HHaT) K0H4)Hrypan;HH X na 
npoH3BOJibHO Bbi6paHHyio rnnepnjiocKOCTb e (cm. pnc. II. ip 

PncyHOK 1.1. 

e 

— "-^ Q f P 
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^acT KOH(J)Hrypan,Hio X ^epnbix h Scjimx tohck b (N — D — 2)-MepH0M npo- 
CTpancTBC — a(|)4)HHHyio ^HarpaMMy Feiijia K0H4)Hrypan,HH X*. 

A(J)(J)HHHafl ^HarpaMMa Feiijia ne onpe^ejifleTCH o^HOsnaHHO KOH(|)Hrypa- 
ii;HeH X*, T. K. HMCCTca CBo6ofla BbiSopa rnnepnjiocKOCTH e. HanpHMcp, ^bg 
a(J)(J)HHHbie flnarpaMMbi Fefijia (cm. pnc. II. 2p cooTBCTCTByiOT oflHOMy h TOMy 
>Ke KOMSHHaTopnoMy THny hcxo^hoh KOH(|)Hrypan,HH X*. 
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PncyHOK 1.2. 

o 



o o 

o o 



EcjiH He oroBopeno npoTHBHoe, b ;i;ajibHeHmeM nofl cjiOBaiviH „flHarpaMMa 
Feiijia" Sy^eT noHHiviaTbca hmghho a(|)(J)HHHa5i ;i;HarpaMMa. 

Onpe^ejieHHe 1.3. KonenHbiH naSop nepHbix h Sgjimx ToneK na njiocKOCTH, 
a4)(]3HHHO nopojK^aiomHH njiocKOCTb, HasbiBaeTCfl (njiocKoii) duaspaMMOU. 

Onpe^ejieHHe 1.4. /Jbg hjiockhx ^HarpaiviMbi, KaK npasHjio (cm. [1]), 
HasbiBaiOTca KOMdunamopHO aKeueaAenmHUMU, ecjiH Me>Kfly sthmh pfijusi 
MHOJKecTBaMH cymecTBycT 5HeKn,Hfl, coxpanaiomaa n,BeT tohck, opHeHTan,HH 
TpoGK H OTHomeHHe „jiejKaTb MejK;i;y" fljia TpoeK tohck, Jieacamnx na o;i;hoh 
npaMoii. 

Onpe^ejieHHe 1.5. OflnaKO b ^^anHofi CTaTbe mm nasbiBaeM ^narpaMMbi 
KOMduHamopHO SKeueaAeHmHUMU, ecjiH ohh KOMSnHaTopHO BKBHBajienTHbi 
B CMbicjie onpeflejiGHHa 11.41 c TOHHOCTbio flo aepKajibHofi chmmctphh. 

AnajiornHHO, KOMGHHaTopnyio SKBHBajieHTHOCTb BeKTopnbix ^narpaMM 

(naGopOB BCKTOpOB B M^) Mbl TaKJKG 6yfleM nOHHMaTb C TOHHOCTblO flO CMGHbl 

opHeHTaii;HH Bcero npocTpancTBa. 

Onpe^ejieHHe 1.6. HycTb X — njiocKaa ^narpaMMa, to^kh KOTopoii jieacaT 
B o5meM nojio>KeHHH. By^eM roBopHTb, ^to M C X oSjia^aeT cbohctbom 

MnB, eCJIH OTHOCHTejIbHbie BHyTpeHHOCTH MHOJKeCTB 

Conv{{A E M : A — nepnaa TOHKa}) 

H 

Conv{{A E M : A — 6ejiaa TOHKa}) 

HMGiOT nenycToe nepece^enHe. (S^ecb Conv{-) oSosHanaeT BbinyKjiyio o6o- 
jio^Ky.) 
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HaM noTpe6yiOTCfl cjie^yiomHe HSBecTHbie (J)aKTbi o ^narpaMMax Fefijia 

(cm. [t], my- 

1. HivieeTca KaHOHnnecKaa 6HeKii;Ha MejK^iy TOHKaiviH flnarpaiviM X* h X. 
ToHKy, cooTBeTCTByioinyio tohkc A E X, 5y;i;eM oSoaHanaTb nepea A* . 

2. MeTHOMepHbifi CMe>KHOCTHbiH MHororpaHHHK CHMnjiHn,HajieH, a cjie^o- 
BaTejibHO, TOHKH flnarpaMMbi Feiijia MHOJKecTBa BepniHH CMejKHOCT- 
Horo MHororpaHHHKa KpaTKOCTH b ;i;ajibHeHmeM 6y;i;eM nncaTb 
„TO^KH flHarpaMMbi Feiijia CMe>KHOCTHoro MHororpaHHHKa") JiejKaT b 
o6n],eM HOJio>KeHHH. 

3. ToHKH X* jiejKaT b o6ni;eM nojiojKeHHH Tor^a h tojibko Tor;i;a, Kor^a 
TO^KH X jiejKaT b o5n],eM HOJioacenHH. 

4. HjiocKaa flnarpaMMa X aBJiaeTca flnarpaMMOH Fenjia neKOToporo bm- 
HyKjioro MHororpaHHHKa (t. e. tohkh K0H4)Hrypan,HH X* jieacaT b bbi- 
HyKjiOM HOJioJKeHHn) Tor^a h tojibko Tor^a, Kor^a fljia jiioSoii to^kh 

A G X CBOHCTBO HnB BblHOJIHGHO flJia MHOJKeCTBa X \ {A}. 

5. KpHTepnii rpann MHororpaHHHKa na asbiKe ;],HarpaMMbi Fenjia. 

HycTb TO^KH KOH(J)Hrypan,HH X* anjiaiOTca BepniHHaMH neKOToporo 
BbiHyKjioro MHororpaHHHKa K. Mho^kgctbo M* aBjiaeTca MHoacecTBOM 
BepruHH HCKOTopoH rpaHH K Tor^a h tojibko Tor^a, Kor^a ^Jia mho- 
jKecTBa X \ M BbinojiHeno cbohctbo MflB. 

B CBa3H c 3THM B ^^ajibHefimeM HHor;i;a Sy^eT HcnojibsoBaTbca cjie^y- 
ioin;aa TepMnHOJiorna: mbi Sy^eM roBopHTb o6 „yflajieHHH" neKOTopbix 
TOHGK H3 flnarpaMMbi, a saxeM ;i;jia „0CTaBmHxca" tohgk npoBepaTb 
CBOHCTBO HnB. Oho Gy^CT BbiHOJiHCHO Tor^a h TOJibKO Tor^a, Kor^a 
„yflaj[eHHbie" to^kh oGpaayiOT rpanb. 

6. KoMSnnaTopHbiH thh ^narpaMMbi Fenjia n,HKjiHHecKoro MHororpaHHH- 
Ka pasMcpHOCTH D = 2d c D + 4 BepruHnaMH TaKOB (cm. pnc. II. 7p : 
D + A TO^KH jie>KaT na OKpy>KHOCTH, npn^CM sth tohkh HOHepeMCHHO 
6ejibie H HcpHbie. 

Cjie^OBaTCJibHO, rpynna KOMSnnaTopHbix aBTOMop4)H3MOB iiHKJiHHe- 
CKoro MHororpaHHHKa ;i;eHCTByeT na MHO»cecTBe ero BepniHH Tpanan- 

THBHO. 



4 



PncyHOK 1.7. 

o • 
• o 

o • 

• o 

o • 
• o 

7. CMeiKHOCTHbie MHororpaHHHKH KOM6uHamopHO McecmKue, t. e. kom- 
SnHaTopHbiH THn CMeacHOCTHoro MHororpaHHHKa onpe;i;eji5ieT kom6h- 
HaTopHKy KOH(J)Hrypan,HH BepniHH. CjieflOBaTejibHO, KOMSHHaTopHbiH 
THn CMejKHOCTHoro MHororpaHHHKa oflHoanaMHO onpe/],ejifleT K0M6HHa- 
TopHKy ero BeKTopnoii flnarpaMMbi Feiijia. 

LI^HKJlHMeCKHH HOpaflOK 

PaccMOTpHM OKpyjKHOCTb S c paccTaBjieHHbiMH Ha Hen Mepe3 paBHbie pac- 
CTOSHHa n TOHKaMH H c aa^aHHOH opHeHTaii;HeH (t. e. o^ho h3 flnyx nanpaB- 
jieHHii ee o6xo^a HasBano nanpaBJieHHeM „no nacoBofi CTpejiK^' , a ^pyroe — 

„npOTHB HacoBoii CTpejIKH"). 

Onpeflejienne 1.8. 3ajiaTb na MHOJKecTBe M h3 n sjieivieHTOB it,uKAUHecKuu 
nopndoK ananHT nociaBHTb ero ajieivieHTbi bo BsaHMHO OflHoanaHHoe cootbct- 

CTBHe C Bbl6paHHbIMH TOHKaMH Ha OKpyjKHOCTH, C TOHHOCTbK) ^O HOBOpOTa 

OKpyiKHOCTH Ha yroji Ik'K jn. 

Hpo 3jieMeHTbi MHOJKecTBa, Ha KOTopoM aa^an n,HKjiHHecKHH Hopa^oK 

MOJKHO rOBOpHTb O COCeflHHX C HHMH 3JieMeHTaX. 

UpomueonoAoofCHUM k flannoMy ijHKJTHHecKOMy Hopa;i;Ky naabiBaeTca 
UHK.rrHnecKHii nopa;i;oK, b KOTopoM iianpaB.rreima no h npoTHB ^acoBOH CTpeji- 
KH HOMenajiHCb MecTaMH. 3tot nopa^OK nojiyMHTca h3 HCxoflHoro, ecjiH y S 
HaMCHHTb opHeHTan,Hio. 

Onpe^ejienne 1.9. Sa^aib na MHOJKecTBe M h3 n 3jieMeHT0B neopuen- 
mupoeaHHUu ViUKAUuecKuu nopndoK 3HaHHT 3aflaTb na HeM n;HKJiHHecKHH 

HOpaflOK C TOHHOCTbK) ^O HCpeXO^a K HpOTHBOHOJIOJKHOMy. 

D^HKjiHHecKHH HopaflOK Ha MHOJKecTBe HopojKflaeT ecTecTBeHHbiM o6pa- 

30M HeOpneHTHpOBanHblH n,HKJIHMeCKHH HOpaflOK. 
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OcHOBHbie pesyjibTaTbi 

Mbi CTpoHM CMejKHOCTHbie MHororpaHHHKH c D + 4: BepniHHaMH, a cjie;i;oBa- 
TejibHO, c flByMepHOH ;i;HarpaMMOH FeHJia. 

Onpe^ejieHHe 1.10. HaaoBeM njiocKyio ^HarpaiviMy X h3 -D + 4 ^lepnbix h 
6ejibix ToneK T-duazpaMMou (cm. npniviepbi T-flnarpaiviM na pnc. I2.7p . ecjin 

1. X CO^epjKHT pOBHO + 3 nepHblX TOHKH, npH^GM OHH jie>KaT B BbinyK- 

jiOM nojiojKeHHH. Ha MHOJKecTBe nepHbix tomck ecTecTBenHbiM o6pa30M 
3a;i;aH HeopHeHTHpoBaHHbiii ii;HKJiHHecKHH nop5i;i;oK, nopoac^enHbiH 06- 
xo;i;oM rpaHHii;bi {d + 3)-yrojibHHKa. 

2. X aBJiaeTca ;i;HarpaMMOH Fefijia CMejKHOCTHoro MHororpannHKa. 
CMe>KHOCTHbiH MHororpaHHHK, cooTBeTCTByioinHH T-^HarpaMMG, HaaoBCM 

T-MH0202paHHUK0M. 

Onpe^ejieHHe 1.11. /JepeBO c flonojiHHTejibHon CTpyKTypoii naaoBeM 3- 
depeeoM, ecjiH BbinojineHbi cjie^yiomHe ycjiOBHa: 

1. Bee ero BepniHHbi nivieiOT eTenenb jih6o 1, jih6o 3. 

2. Ha KajK^bix 3 pe6pax, Bbixo^amHx h3 BepniHHbi eieneHH 3, aa^an n,HK- 
jiHHeeKHH nopa^OK. 3tot nopa^OK eeTeeTBennbiM oSpaaoM HHflyn,Hpy- 
eT ii;HKJiHHeeKHH nopa^OK na BepniHHax eTenenn 1. 

(Cm. npHMepbi 3-flepeBbeB na pne. 13.131) 

Onpe^ejieHHe 1.12. 3-flepeBO nasbiBaeTea xapaKmepucmunecKUM depeeoM 
;i;aHHOH T-;i;HarpaMMbi, eejin mojkho yeTanoBHTb B3aHMHO-o;i;H03HaHHoe eo- 
OTBeTeTBHe MejK^y ero BepniHHaMH h TOHKaMH T-flnarpaMMbi TaK, hto: 

1. Bejibie TO^KH ;],HarpaMMbi cooTBeTCTByiOT BepmnnaM CTenenn 3 ^epe- 
Ba, a nepHbie — BepniHHaM CTenenn 1. 

2. HeopHeHTHpoBaHHbiii H;HKJiHHecKHH Hopa;i;oK na Bepmnnax CTeneHH 1 
B ^epeBe coBna^aeT c HeopneHTHpoBanHbiM n,HKjiHHecKHM nopa^KOM 
Ha ^epHbix TO^Kax, aa^aBaeMbiM oSxo^om rpaHHn,bi ((i + 3)-yrojibHHKa. 
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3. Bejiaa TOHKa B na ^narpaMMe jiejKHT BHyTpH TpeyrojibHHKa, o6pa30- 
BaHHoro TpeMa nepHbiMH TOHKaMH Ai, Aj, Ak, Tor^a h tojibko Tor^a, 
Kor;i;a h3 BepniHHbi flepeBa, cooTBeTCTByromeii B, k 3 BepniHHaM, co- 
OTBGTCTByiomHM Ai,Aj,Ak, BG^^yT 3 HenepecGKaioinHxca ny™. 

TeopeMa 1.13. (Cm. meopeMy \3.1S\ u AeMMy [4-15[ ) 

1. /Jam J11060U T-duazpaMMU cyui,ecmeyem xapaKmepucmunecKoe depeeo. 
Oho eduHcmeeHHO c moHHOcmbfo do odnoepeMeHHOu CMenu yuKAUue- 
CK020 nopndKa eo ecex eepmunax na npomueonoAocncHuu nopsidoK. 

2. /Jam aio6o20 3-depeea c hucaom eepmuH D + 4, sde D > A, cyui^ecmey- 
em T-duaspaMMa, Sasi Komopou dannoe depeeo neAHemcfi xapaKme- 
pucmuHBCKUM. Ona eduHcmeeuHa c moHHOcm'bw do KOM6uHamopHou 
9KeueaAeHmHocmu. □ 



TeopeMa 1.14. (Cm. meopeMyl^u ASMMy Yj.l^ ) KoM6uHamopHuu mun 



T-MHOzozpaHHuna odnosHaHHO onpedeAnem KOM6uHamopHuu mun eso T- 
duaspaMMU FeuAa. □ 

CjieflCTBHe 1.15. (Cm. CAedcmeue \4.18\ ) 

1. JIio6oMy T-MHOsospaHHuny coomeemcmeyem 3-depeeo (xapanmepu- 
cmunecKoe depeeo Bah ezo T-duazpaMMU FeuAa). Oho eduHcmeeHHO 
c moHHOcmbK) do cmbhu yuKAunecKoso nopndKa e eepmunax na npo- 
mueonoAOMcnuii. 

2. Jlwdoe 3-depeeo c ne Menee, hbm 8 eepmunaMU, aadaem edun- 
cmeennuu c moHnocmhw do KOM6unamopnou aneueaAenmnocmu T- 
MUOzozpannuK. □ 

TeopeMa 1.16. (Cm. meopeMy \4-l^ B ak)6om T-Muosospannune pasMep- 
nocmu D hucao spaneu c m eepmunaMU, codepotcaw^ux dannyw eepmuny, 
aaeucum moAtKO om D u m, no ne om MHOsospannuKa u eudpannou eep- 
muHU. Oho coenadaem c coomeemcmeyioiu^uM hucaom dAH yuKAunecKoso 

MHOSOSpaHHUKa. □ 

Onpe^ejieHHe 1.17. HaaoBeivi peSpo T-MHororpannHKa aaMenameAbHUM, 
ecjiH jiioSoH naSop us d + 1 BepniHHbi, coflepjKamHH ero KOHii;bi, nopojK^aeT 
rpanb. 
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IIpe^jio^ceHHe 1.18. (Cm. npedAOCHcenue \4-ll\ u saMenaHue \3.14\ ) 
SaMenameAbHue pe6pa CMeofCHOcmHoso MHOzozpauHUKa coomeemcmey- 
wm pe6paM, UHV^udeHmHUM eucsiHUM eepmuHaM coomeemcmeyiovneao 3- 
depeea. □ 

BjiaroflapHOCTH 

Abtop SjiaroflapeH opranHsaTopaM jieTHeii niKOJibi „CoBpeMeHHa5i MaTeiviaTH- 
Ka" , r^e 5biJi npoHHTan Kypc o ;i;HarpaMMax Fefijia, a TaKJKe jihhho jieKTopy 
SToro Kypca F. K). riaHHHOH. 



2. KpHTepHH CMe:acHOCTHOCTH Ha asbiKe T- 
^HarpaMM 

JleMMa 2.1. B T-duaspaMMe ece 6ejiue mouKU naxodfimcM cmposo enympu 
{d + 3)-y30AbHUKa, o6pa3oeaHHOso uepnuMU moHKaMU. 

/l^OKaaaTejibCTBO. S^ecb h ^ajiee, mm nojibayeMCfl KpHTepneM rpanH ^jia 
flHarpaMMbi Fefijia (cm. BBe^^enme). HycTb Sejiaa TO^Ka B Haxo;],HTCfl ehg 
((i+3)-yrojibHHKa. Y^ajiHM ocTajibHbie d Sejibix To^eK. Mhokgctbo h3 ocTaB- 
niHxca d + 4 tohck (bcg nepHbie tohkh h TOHKa B) ne oSjia^aeT cbohctbom 

MnB, HTO npOTHBOpe^HT CMejKHOCTHOCTH. □ 

Onpe^ejienne 2.2. By^eM HasbiBaTb AynoHKou T-;i;HarpaMMbi BbinyKJiyio 
oSojiOHKy HecKOJibKHX noflpa^i; Hflymnx BepniHH {d + 3)-yrojibHHKa. 

PncyHOK 2.3. 

4 

f 

JleMMa 2.4. B aio6om mpeyzoAtHUKe, o6pa3oeaHHOM 3 uepnuMU mouKaMU 
T-duaspaMMU, Aeofcum poena odna 6eAaM moHna. 
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T^OKaaaTejibCTBO. JJoKameu BnaHajie, hto Kamffhrn TaKoii TpeyrojibHHK 
coflepjKHT He So.rree o,t,hoh Se.rroii to^kh. /l^onycTHM, ^to b TpeyrojibHHKe 
T HaxoflSTca xots 6bi 2 Sejiue tohkh. y;i,a.rrHM h3 (rf + 3)-yrojTbiiHKa Tpe- 
yrojibHHK T. ripH 3T0M ((i + 3)-yrojibHHK pacnafleTca na Tpn (bo3mojkho, 

BbipOJK^eHHbie) JiyHOHKH. 

HycTb y 3THX jiynoHeK cooTBeTCTBenHO a, b m c Hepnbix BepniHH (6yfleM 
c^HTaTb, ^TO y BbipojK^eHHoii jiyHOHKH 2 BepniHHbi). O^gbh^ho, a + b + 
c = {d + 3) + 3. BnyTpn jiyHoneK b coBOKynnocTH co;i;epjKHTca He 6ojTee 
d—1 SejiOH TOHKH. HosTOMy B HeKOTopoH H3 HaHiHx Tpex jiyHoneK, rpaHHn;a 
KOTOpOH COCTOHT H3 X BepHIHH, co^epjKHTca MGHee X — 2 6ejibix ToneK. B 
HpoTHBHOM cjiyHae BO Bcex jiyHOHKax B cyMMe 6bijio 6bi ne Menbine (a — 2) + 
(b — 2) + (c — 2) = d 6ejibix ToneK. PaccMOTpHM nepHbie tohkh, KOTopbie 
ne jiejKaT na rpaHHii;e BbiSpaHHofi jiynoMKH (hx d + 3 — x) h Sejibie tohkh 
BHyTpH nee (hx ne Sojiee a; — 3). Mm Bbi6pajiH ne Sojiee d ToneK. (Ecjih mm 
Bbi6pajiH CTporo Menbine, floSaBHM npoH3BOJibHbie 6ejibie tohkh Tax, HTo6bi 
Bcero nojiyHHjiocb d.) yKa3aHHbie d tohqk ne o6pa3yiOT rpanb, t. k. cbohctbo 
HnB fljifl ocTaBniHxcfl ToneK ne BbinojiHeno. 

PncyHOK 2.5. 




6 = 2 



(BbipOKfleHHaH 

jiyHOHKa) 

^OKa^KeM Tenepb cymecTBOBanHe Ge.rroii to^kh BnyTpn jiio6oro Tpeyrojib- 
HHKa T c nepHMMH BepniHHaMH. Pa3o6beM ((i + 3)-yrojibHHK na TpeyrojibHH- 
KH, Tax HTo6bi cpe^H TpeyrojibHHKOB pa36HeHHa 6biJi h TpeyrojibHHK T. Mm 
nojiyHHM d + 1 TpeyrojibHHK, b KOTopbix KaK-TO paccTaBJiena d + 1 6ejiaa 
TOMKa. yTBepjKfleHHe cjie^yeT h3 npHHii,Hna ^npuxjie. □ 

ripe^jiOiaceHHe 2.6. Uycmh UMeemcH nAOCKan duaspaMMa X U3 2d + A 
uepHux u 6eAux moueK, o6Aadan)iut,aH CAedywinuMU ceoucmeaMu: 
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1. D^2d>A; 

2. moHKU X Aeofcam e o6iu^eM noAOMcenuu; 

3. X codepofcum poeno d + 3 uepnux moueK, AeMcaiu^ux e eunyKAOM no- 
AOMceHuu; 

4- ene eunyKAOu o6oaohku uepnux moueK nem 6eAux moueK; 

5. enympu naotcdoso mpeysoAbHuna c uepnuMU eepmunaMU Aeotcum poe- 
no odna 6eAaH mouna. 

Toeda X — T-duaepaMJua. 

PncyHOK 2.7. 



/loKaaaTejTbCTBO. /locTaTO^iHO ^OKaaaTb, ^to npn y;i,a.rreHHH h3 X jiioSoro 
HaSopa H3 d to^ibk, ocTaBineecii Miio>KecTBO oGjia^aeT cbomctbom MflB. JXeii- 
CTBHTejibHO, nycTb yflajiGHbi neKOTopbie k nepHbix tohgr h d—k 6ejibix tohck. 
Tor^a y nac ocTajiocb d — k + 3 nepHbix tohck h A; + 1 6ejiaa TOHxa. Paao- 
6beM (d + 3)-yrojibHHK na TpeyrojibHHKH, laK MTo6bi (d — k + 3)-yrojibHHK 
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H3 ocTaBniHxcfl ^epHbix BepniHH n,ejiHKOM coctohji h3 TpeyrojibHHKOB paa- 
6HeHHfl. Bcero nojiynnjicfl d + 1 TpeyrojibHHK, npH^eM d — k + 1 h3 hhx 
cocTaBJiaiOT nam {d — k + 3)-yrojibHHK. Mbi y;i;ajiHJiH Bcero d — k Sejibix Bep- 
niHH, 3HaHHT BHyTpH KaKOrO-TO H3 3THX d — k + 1 TpeyrOJIbHHKOB ocTajiacb 

Gejiaa TOHKa. □ 

Cjie^CTBHe 2.8. UpuMepu, npueedeuHue na puc. \2. 71 HdAHwmcH T- 
duaspaMMttMU FeuAa. 



3. T-^narpaMMbi h 3-;i;epeBija 

Onpe^ejienne 3.1. HjiocKaa ;i;HarpaMMa h3 2(i + 4 tohgr Ha3biBaeTC5i t- 
duaspaMMOu, ecjiH ona yflOBJieTBopaeT ycjiOBHaivi 2-5 h3 npeflJiojKeHHa 12.61 
a > 0. 

HycTb HMeeTCfl T-^narpaMMa h3 2d + A to^gk. 06o3Ha^HM nepHbie to^kh 
B nopaflKe oSxofla no nacoBon CTpejiKe nepe3 Ai, A2, . . . , A^+s. Hnorfla mm 
Sy^GM na3biBaTb TonKy ^^+3 TonKon Aq, a TonKy Ai — TonKon Ad+4. 

Onpe^ejienne 3.2. Ha30BeM spanuuHUM mpeysoAbuuKOM uiohku Ai Tpe- 
yrojibHHK Ai-iAiAi^i. 

CorjiacHO jieMMe 12.41 b KajK^OM rpannnHOM TpeyrojibHHKe coflep>KHT- 
ca poBno Oflna 6ejiaa TonKa. Hpo 6ejiyio TonKy, KOTopaa JiejKnT BnyTpn 
AAi_iAiAi^i SyflGM roBopnTb, nTO ona coomeemcmeyem eepmune A^. "4ep- 
HOH TOHKe Bcer^a cooTBCTCTByeT poBHO Oflna Sejiaa (no ne naoSopoi). 

SaMenaHHe 3.3. Ecjih 5ejiaa To^xa cooTBCTCTByeT neKOTopoii nepnoH toh- 
Ke Ai, TO ona jie>KHT Bnyipn tojibko tgx TpeyrojiBHHKOB c ^epnbiMH Bepmn- 
naivin, y KOTopbix o;i;na n3 nepninn Ai. 

JleMMa 3.4. JleMMa 06 HH^yKij;HH ^jih T-^narpaMMBi. Uycmb t- 
duazpaMMa X codepotcum 6oAee nemupex moHen. Ecau u3 nee ydaAumb 
HepnyK) moHKy Ai u coomeemcmeyioinyio eu deAym B, mo noAynumcH enoeb 
T-duaspaMMa. 

/^0Ka3aTejibCTB0. Bocnojib3yeMca npe^Jioacenneivi \2M TpeyrojibnnKn, 06- 
pasonannbie nepnbiMH TOMKaivin b flnarpaiviMe X' = X \ {Ai,B}, 6biJin Tpe- 
yrojibHHKaMH, o5pa30BaHHbiMH HepnbiMH TOHKaMH n b ^narpaMMe X. TaM 
OHH coflepjKajiH poBHO Oflny Sejiyio TOHKy, npn^eivi sto Sbijia ne TO^Ka B, 
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KOTopafl cooTBeTCTBOBajia Ai (cm. 3aMeqaHHe 13.31) . Sna^HT h b Ka>K^OM Tpe- 
yrojibHHKe, o6pa30BaHHOM nepHbiMH TO^KaMH X', coflep>KHTca poBHO o^na 
Gejiaa TOHKa flnarpaMMbi X' . □ 



^a^HM flBa SKBHBajieHTHbix onpe;i;ejieHHa. 

Onpe^ejieHHe 3.5. Hpo Sejiyio TOHKy T-^HarpaMMbi, KOTopaa oflHOBpeivieH- 
HO jiejKHT B rpaHHHHbix TpeyrojibHHKax BepniHH Ai h Ai^i, 6yp,eM roBopHTb, 
HTO OHa npuAeofcum k cmopoHe AiAi^i. 

Onpe^ejieHHe 3.6. By^eM roBopHTb, ^to Sejiaa TOHKa B npuAeofcum 
K cmopoHe AjAj+i, ecjiH ona jigjkht BHyTpn Bcex TpeyrojibHHKOB BH^^a 
AiAi^iAj, H TOJibKO B HHx. 3to onpeflejiGHHe ^ajiee 5y;i;eM HasbiBaTb ajib- 

TepHaTHBHblM. 

HoflC^eT ^HCJia rpanHHHbix TpeyrojibHHKOB nosBOJiaeT ^OKaaaTb cjie^y- 
lomyio JieMMy. 

JleMMa 3.7. /I^am x-duaspaMMU cnpaeedAueu CAedywvuue ymeepMcdeHUH. 

1. EcAU d > 0, mo cymecmeywrn xomn 6u 2 6eAue mouKU, npuAecHcaiii,ue 
K cmopoHaM, a npu d = maKasi mouKa poeno odna. 

2. EcAU d > mo 6eAaH monna ne Mootcem coomeemcmeoeamb 6oAee, 
ueM deyjH nepnuM. 

3. BeAan mouKa coomeemcmeyem deyju dauHUM nepHUM mozda u moAt- 
Ko mosda, Kozda ona npuAeofcum k cmopone {d + 3)-ysoA'bHUKa, co- 
eduHHtov^eu amu uepnue moHKU, a caMU ohu — cocednue ua zpanwu^e 
{d + 3)-ysoAbHUKa. □ 

Onpe^ejienne 3.8. ^bg T-;i;HarpaMMbi X m Y naaoBeM aKeueaAenmHUMU 
no duasoHGAMM, ecjin uemjij X mY cymecTByeT Taxaa 6HeKn,Ha (p, hto 

1. (f coxpanaeT ii;BeT tohck, 

2. (f coxpanaeT HeopneHTHpoBanHbiH ii;HKJiHHecKHH nopa^OK nepHbix to- 

HCK, 

3. 6ejiaa TOHKa B jicjkht b BbinyKjioii oSojiohkc no^pa^ H^ymHx ^ep- 
Hbix BepniHH {Ai} B flHarpaMMC X Tor;i;a h tojibko Tor^a, Kor;i;a ^{B) 
jiejKHT B BbinyKJiOH o6ojiOHKe {(p{Ai)} b flnarpaiviMe Y . 
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SaMenaHHe 3.9. YcjiOBHe [3] h3 3Toro onpe^ejienHH ^onycKaeT cjie^yiomyio 
BKBHBajieHTHyio 4)opMyjiHpoBKy 3': 6ejiaa TOHKa B jiejKHT b BbinyKjiOH o6o- 
jiOMKe Tpex nepHbix BepniHH {^4^} b ;i;HarpaMMe X Tor;i;a h tojibko Tor^a, 
Kor;i;a ^{B) jiejKHT b BbinyKJioii o6ojiOHKe {(p{Ai)} b flnarpaiviMe Y . 

B ;i;ajibHeHmeM mm noKajKeivi, hto SKBHBajieHTHOCTb flbyx T-flnarpaMM 
no flHaronajiaM paBHOCHJibna hx KOiviSHHaTopHOH SKBHBajieHTHOCTH. 

IIpe^jiosKeHHe 3.10. Uycmti e T-duaspaMMe X 6e.aaH moHKa B npujie- 
otcum K cmopoHe AiAi^i. Tosda T-duaspaMMU X \ {Ai, B} u X \ {A.+i, B} 
3KeueaAeHmHU no duazonajifiM. 

/l^OKaaaTejibCTBO. HycTb SneKitHH if Mew^p^y ^narpaMMaMH X \ {Aj, 5} h 

X \ {Aj+i, S} TOMKe Aj+i CTaBHT B COOTBeTCTBHe TOHKy Ai, a Ha OCTajIbHblX 

TOHKax if — TOJK^ecTBeHHoe OTo6pa>KeHHe. 

CBOHCTBa [T] H [2] fljifl (f o^eBH^HO BbinojineHbi. JXjih npoBepKH CBoflcTBa 
[3] BOcnojibsyeMca saMenaHHeM 13.91 PaccMOTpHM neKOTopyio 6ejiyio TOHKy C. 
/Jjifl TpeyrojibHHKOB, HHKaKaa BepniHHa KOTopbix ne coBna^aeT hh c Aj, hh 
c Aj+i, OHeBHflHO BbinojineHHe CBoflcTBa 3'. HycTb nocjie y;i;ajieHHa Ai 6ejiaa 
TOHKa C OKaaajiacb b TpeyrojibHHKe AAij^iAjA^. HoKajKeM, hto gcjih 6bi mm 
y^ajiHjiH Yie Ai, a Aj+i, ona OKaaajiacb 5bi b /\AiAjAk. /JencTBHTejibHO, pac- 
CMOTpHM ^eTbipexyrojibHHK AiAi^iAjAk (ne orpaHHHHBafl o5mHOCTH, Sy^eM 
c^HTaTb, ^TO AiAj — ero flHaronajib). BnyTpn nero Jie>KaT 2 Sejibie to^kh. 
Ojifia H3 HHx — TOHKa C, KOTopaa jiejKHT BHyTpn AAi^iAjA^, a flpyraa — 
Sejiaa TOHKa B, npHJiejKamaa k CTopone AiAi^i, KOTopaa no ajibTepnaTHB- 
HOMy onpeflejiennio jiejKHT BnyTpn AAiAi^iAj.. SnannT, BnyTpn AAiAjA^ 
jiejKHT o^na h3 sthx 6ejibix to^gk, npn^eM B tslM jieacaTb ne MO>KeT. SnanHT, 

TaM JieJKHT TO^Ka C. □ 

riepen^^eM k paccMOTpennio xapaKTepncTHnecKHx ;i;epeBbeB T-flnarpaMM. 

IIpHMep 3.11. Ha puc. \3.1^ u3o6paMceHU 3-depeehH, HejiHK>iu,uecH xapan- 
mepucmuHecKUMU djiH duaspajuM FeuAa, npueedennux na puc. \2. 71 

Cjieflyioin,aa TeopeMa nosBOJiaei napaMeTpnaoBaTb T-flnarpaMMbi (a ana- 
HHT, H T-^narpaMMbi) 3-flepeBbaMH. 

TeopeMa 3.12. 

1. /Jam ak)6ou T-duazpaMMU cyui^ecmeyem xapaKmepucmunecKoe depeeo. 
Oho eduHcmeeHHO c moHHOcmhw do odnoepeMeHHOu cmchu ii,UKAUHe- 
CK020 nopndKa eo ecex eepmunax na npomueonoAocncHuu. 
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2. JJam aw6ozo 3-depeea c hucaom eepmuH D + A cymecmeyem t- 

duaepoMMM, dAM Komopou dannoe depeeo MGAMemcM xapaKmepucmu- 
necKUM. Ona eduHcmeeHua c moHHOcmbw do 3KeueaAeHmHocmu no 

duaZOHttAHM. 

PncyHOK 3.13. 




B paMKax flOKaaaTejibCTBa TeopeMbi 6y^eM CHHTaTb, hto na nepHbix toh- 
Kax Bbi6paH ii;HKJiHHecKHH nopaflOK (a ne TOJibKO HeopneHTHpoBanHbiH ii;hk- 
jiHHecKHH nopflflOK), T. e. 3a(J)HKCHpoBaHO HanpaBjieHHe „no HacoBoii CTpeji- 
Ke" Ha rpaHHn,e {d + 3)-yrojibHHKa. KpoMe Toro, b onpe^ejienHH nonaTHH 
„6biTb xapaKTepHCTHHecKHM flepeBOM" b CBoiicTBe 2 noipeSyeM coBnaflenHH 
HMeHHO ii;HKJiHHecKHx nops^KOB, a He TOJibKO HeopneHTHpoBaHHbix h;hkjih- 
necKHX Hopa^KOB. 

CflejiaeM BHanajie necKOJiBKO BcnoMoraTejiBHbix saMeMaHHii. 

JleMMa 3.14. Uycmb dana T-duazpaMMa, u nycmt HeKomopoe 3-depeeo ne- 
AHemcH dAM nee xapaKmepucmuuecKUM. Tozda CAedymiu^ue ymeepatcdeHUH 
paeHOCUAbHu: 

1. BeAan mouKa B coomeemcmeyem Hepnou mouKe A^. 

2. BucfiHaH eepmuna depeea, coomeemcmeywmaM A^, coeduHena pe6poM 
c eepmuHou, coomeemcmeywmeu B. □ 
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Cjie^CTBHe 3.15. Uycmb dana T-duaepaMMa, u nycnih Henomopoe 3-depeeo 
MGAMemcM dAH nee xapaKmepucmuHecKUM. Tosda CAedytoiu^ue ymeepotcdeHUH 
paeHocuAbHu: 

1. EeAttH moHKa B npuAeotcum k cmopone AiAi^i. 

2. BepmuHa depeea, coomeemcmeytovj^aH B, coeduHena pe6paMU c eep- 
ULUHaMU, coomeemcmeytovnuMU Ai u A^j^i. □ 

JleMMa 3.16. JleMMa o6 HHflyKij;HH ^Jia xapaKTepncTHHecKoro ^e- 

pesa. Uycmb uepnue mouKU ^41, . . . , A^+s x-duaspaMMU X sanyMepoeaHU 
cosAacHO o6xody {d + 3)-y20AbHUKa no nacoeou cmpeAKe. Uycmb monna B 
npuAcotcum k cmopone AiAi+i. Uycmb (p — ncKomopasi 6ueKv,usi Mcotcdy 
MHOCHcecmeoM X u MnooicecmeoM eeptuun neKomoposo 3-depe6a G. Uycmb 
eepmuua depeea ^{B) cmenenu 3 coedunena pe6paMU c guchhumu eepmu- 
naMU (p{Ai) u ip{Ai+i), a ii,UKAUHecKuu nopndoK na pe6pax, euxodnmux U3 
(p{B), cosAacoean c i4UKAUHecKUM nopndnoM na uepnux monnax duaspaM- 
MU (m. e. npaeuAbno aadaem nanpaoAcnue o6xoda no nacoeou cmpeAKe Sah 
cmopoHu AjAj+iJ. 

PaccMompuM noeym T-duaspciMMy X' = X\{Ai, B} u noeoe depeeo G' = 
G \ {ip{Ai),ip{Ai^i)}. Hoeyw 6ueKii,u'K) ip' aadaduM CAedywiu,UM o6pa30M. 

Bepmuny (fi{B), Komopan e depeee G' HOAnemcH eucHHCu, nocmaeuM e 
coomeemcmeue monne A+i- Bee ocmaAbnue eepmunu ocmaeuM nocmae- 
ACHHUMU e coomeemcmeue c noMombw 6ueKV,uu Lp. 

Tosda depeeo G neAHcmcH xapanmepucmuHecKUM Sah ucxodnou dua- 
zpaMMM X mozda u moAbKO mozda, Kozda noeoe depeeo G' neAHemcH xa- 
panmepucmuHCCKUM Sah noeou x-duaspaMMU X' . 

/l^OKaaaTejibCTBO coctoht b aKKypaTHoii nponepKe BbinojineHHa ycjiOBHH 
H3 onpeflejieHHfl xapaKTepncTHMecKoro ^epeBa. □ 

J\o¥.ajKBM nepBoe yTBepjKflenHe TeopeMbi (cymecTBOBanHe h eflHHCTBen- 
HOCTb xapaKTepHCTHMecKoro flepeba) HHflyKn,HeH no d. Ecjih d = 0, to e^HH- 
CTBei-mo B03M0>KHa3 T-flHarpaMMa — Tpeyrojibi-mK c Sejioii tohkom biivtph. 
E;i;HHCTBeHHO BOSMOJKHoe 3-flepeBO h3 4 BepniHH — ;i;epeBO c o^hoh BepniHHOH 
CTeneHH 3, h3 KOTopofi H^yT 3 peSpa b BepniHHbi CTenenn 1. 

HycTb Tenepb d > 0. 

HycTb fljifl T-^narpaMMbi X namjiocb xapaKTepncTHMecKoe flepebo. J\jiii 
KpaTKOCTH 5y;i;eM o5o3HaHaTb ero Bepmniibi h tohkh flnarpaMMbi o^ihhmh h 
TGMH jKe SyKBaMH. HycTb Sejiaa bepniHHa B npnjiejKHT k CTopone A^Ai^i. 
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Tor^a (cm. cjie^CTBHe 13.151) h3 BepniHHbi ^epeBa B hj^jt 2 pe6pa b BHcanne 
BepniHHbi Ai H v4j+i. y^ajiHM h3 ^epeBa bth bhch^hg BepniHHbi, a h3 t- 
;i;HarpaMMbi y;i;ajiHM tohkh Ai ti B. 

Ho npeflnojiojKeHHK) HHflyKii;HH, ji^jisi nojiyMeHHofi flnarpaiviMbi xapaKTe- 
pHCTHHecKoe ;i;epeBO cymecTByeT h eflHHCTBeHHO, npH^eivi, no jieMMe [3.16l o6 
HHflyKn,HH fljiH xapaKTepncTH^ecKoro ^epeBa 3to h Sy^eT to hobog ^epeBO, 
KOTopoe Mbi nojiyHHjiH. 

TeM caMbiM, xapaKTepncTHnecKoe ;i;epeBO ^Jia X BOCCTanaBJinBaeTca o^- 
H03HaHH0, HO HOKa c TOHHOCTbK) ;i;o ii;HKJiHHecKoro nopa^Ka npH BepniHHe 
B. 3tot ii;HKJiHHecKHH nopaflOK tojkg BOCCTaHaBJiHBaeTca o^^HOsnaHHO, t. k. 

BepniHHbi Ai H Ai^i flOJIJKHbl H^TH HO HaCOBOH CTpCJIKG. 

CymecTBOBaHHe HanpflMyio cjie^yeT h3 jigmmbi o6 HHflyKn,HH ^jih xapaK- 
TepHCTHHecKoro flepesa. Ha^o TOJibKO flo6aBHTb k xapaKTepncTHnecKOMy 
;i;epeBy ;i;jia ;i;HarpaMMbi Fefljia 6e3 2 BepmHH 2 noBbie Bepmnnbi CTeneHH 
1. IlepBoe yTBepjK^eHHe Teopeivibi ;i;oKa3aHO. 

JleMMa 3.17. nycmt Ai — uepnaH mouKa e T-duaspaMMe X . Tosda k X 
MoofCHO do6aeumb Hepnyio moHKy u 6eAy}o mouKy B maK, umo nojiy- 

HumcH Hoean T-dumpaMJua, e Komopou 

1. moHKa Ai^i/2 Aeofcum Meotcdy Ai u v4j+i na zpaHuv^e eunyKJiou 060- 
AOHKU MHOMcecmea uepnux moneK, u 

2. moHKa B npuAecHcum k cmopoHe AiAi^i/2. 

^0Ka3aTejibCTB0. PaccMOTpHM HpaMyio, Hpoxo^iamyio nepe3 Ai h ocTaB- 
jiaiomyio Bce ocTajibHbie tohkh ;i;HarpaMMbi X ho o;i;Hy CTopony ot ceSa. 
Bbi6epeM na btoh hphmoh ^ocTaTOHHO 6jiH3Kyio k Ai HOByio nepnyio TOHKy 
Ai^i/2 TaKyio, HToSbi Sbijio BbiHOJiHGHO ycjiOBHC [1] H HTo6bi Ka>K^aa Sejiaa 
TOHKa JiejKajia 6bi ho Ty jkg CTopony ot npaivibix, coeflHHaiomHX Bepmnnbi 
{d + 3)-yrojibnnKa c BbiGpannon tohkoh, hto h ot npaivibix, coe;i;nnaioni;nx 
3Tn Bepmnnbi c Ai. ^o6aBnM 6ejiyio TonKy B b nepecenenne TpeyrojibnnKOB 
Ai-iAiAi^i/2 H AiAi^i/2Ai^i. ToHKa B nona^eT b TpeyrojibnnKn co CTopo- 
noii AiAi^i/2, n TOJibKO b nnx. □ 

Onpe^ejienne 3.18. Ha30BeM Bepmnny S-^epena npedeucMHeu, ecjin ona 
coeflnnena pe5paMH c 2 BncannMn BepmnnaiviH. 
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/JoKajKeM BTopoe yTBepjK^eHHe TeopeMbi HH^yKitneii no d. Baaa HH^yK- 
n,HH (d = 0) o^eBH^na, a jieMMbi 13.161 h 13.171 nosBOJiaiOT coBepniHTb HH^yK- 
ii;HOHHbiH nepexo^i;. Teopeivia ;i;oKa3aHa. □ 



TeopeMa 13.121 nosBOJiaeT BbinncjiHTb KOJinnecTBO T-flHarpaMM ^jih ^an- 
Horo d. BbiacHHB, KaK ycTpoenbi aBTOMop4)H3Mbi xapaKTepncTHHecKHx flepe- 
BbGB, M05KH0 HOJiyHHTb cjie^iyioinyio (|)opMyjiy, BbiBOfl KOTopoH Mbi onycKaeM: 

TeopeMa 3.19. Hucao KOM6uHamopHO pasAUHHUx T-duaspaMM dAH dauHozo 
d > paeno 

Td+l 3T(ri+3)/2-l T(rf+3)/3_i Td/2 

2(rf + 3) 4 3 2 ■ 

3decb Tx paeno 0, ecAU x — Heii,eAoe, u x-moMy uucAy KamaAaua Cf^./ {x+1), 
ecAU X — v^eAoe. □ 

4. E^HHCTBeHHOCTb T-^HarpaMMbi FeiiJia ^Jia 
^aHHoro T-MHororpaHHHKa 

Onpe^ejieHHe 4.1. HycTb HivieeTca neKOTopaa jiynoHKa. HaaoBeivi BepniHHbi 
Ai H Aj ee npauHUMU eepmunaMU, ecjin Bce ee BepniHHbi — sto Bce noflpa^ 
H^ymHe BepniHHbi (d + 3)-yrojibHHKa ot Ai flo Aj BKjiionHTejibno, n TOJibKO 

OHH. 

EcjiH jiynoHKa — ne necb (d + 3)-yrojibnnK, to ee Kpannne nepmnnbi 
onpe;i;ejieHbi oflnoanaHHO. 06paTH0, ecjin nivieiOTca 2 Hecoce;i;HHe BepniHHbi 
Ai H Aj, TO cymecTByiOT poBHO 2 jiynoHKH, fljia KOTopbix Ai n Aj aBJiaiOTca 
KpaHHHMH BepmnnaMH. Ecjih tkc jiynoHKa — Becb {d + 3)-yrojibHHK, to ee 
KpaiinHMH BepmnnaMH MoryT cjiy>KnTb jiioSbie 2 coce^nne nepmnnbi, koto- 
pbie HBjifliOTCfl BepmnnaMn ee n eiu,e o^non (nMeiomen 2 nepmnnbi) jiynonKn. 

He-zpamw MHororpannnKa K 5y;i;eM nasbiBaTb naSop ero Bepninn, koto- 
pbiii ne aBJiaeTca MHoacecTBOM Bepinnn nn fljia KaKon rpann MHororpannnKa 
K. 

JleMMa 4.2. KpHTepnii He-rpann h3 d + 1 BepniHHbi na asbiKe T- 
flHarpaMMbi. nycmt X — T-duazpaMMa T-MHOzozpauHUKa X* . MnocHce- 
cmeo M* U3 d+1 eepmuHU o6pa3yem He-spaub T-MHOsospauHUKa X* mozda 
u moAbKO mozda, Kozda MHOotcecmeo X \ M manoeo: nepnue mouKU amozo 
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MHOCHcecmea — amo eepmuHU Henomopou ai/hohku L, a 6eAue moHKU — 
amo me u moAbKO me 6eAue monnu duazpaMMU X , Komopue ne Aeotcam e 
L. 

/^OKaaaTejibCTBO. HycTb MHO>KecTBO X\M yKaaanHoro BH^a. Tor^a Bce 
6ejibie BepniHHbi jie>KaT BnyTpn ^pyroii h3 2 jiyno^eK c tgmh >Ke KpaHHHMH 
BepniHHaMH, hto L (gcjih L — bgcb {d + 3)-yrojibHHK, to Sejibix BepniHH 
B X \ M HGT BOo6iii;e). CjieflOBaTejibHO, MHOJKecTBO X \ M ne oSjia^aeT 
CBoiicTBOM MnB. 

06paTH0, nycTb neKOTopoe {d + l)-9jieMeHTHoe noflMHO>KecTBO M ^na- 
rpaMMbi X nopoK^aeT ne-rpanb. PaccMOTpHM to^kh MHO>KecTBa X \ M. 
HycTb cpeflH hhx k nepHbix. HocKOJibKy oSpaayeMbiii hmh /c-yrojibHHK K 
MOJKHO paaSHTb Ha — 2 TpeyrojibHHKa, BHyTpn nero Haxo;i;aTC5i k — 2 5ejibie 
TOHKH T-^HarpaMMbi. Bce ohh npHHa^JiejKaT M (HHane 6bijio 6bi BbinojiHeno 
CBoiicTBO MnB). Cjie^OBaTejibHO, bbg fc-yrojibHHKa JiexcaT d+1 — {k — 2) = 
d — k + ?> 6ejibix TO^GK, hh o^na h3 KOTopbix ne npHHaflJie>KHT M (Hna^e b 
X\M 6biJio 6bi Menee (i+3 BepniHH). ^onycTHM, hto nepHbie tohkh h3 X\M 
He o6pa3yiOT JiynoHKy, to ecTb H^yT ne noflpafl. Tor^a {d + 3)-yrojibHHK (c 
BepniHHaMH b Mepnbix TOHKax) npn y;i;ajieHHH h3 nero K pacHa;i;eTca na ne 
Menee neM ^Be JiynonKH, KajK^afl h3 KOTopbix co^epjKHT Sejibie tohkh h3 
X \ M (cm. pnc. I4.3p . Cjie^OBaTCJibHO, MHO>KecTBO X \ M oSjia^acT cboh- 
CTBOM HnB. HpoTHBopeHHe. □ 

PncyHOK 4.3. 




Onpe^ejieHHe 4.4. Ha30BeM ne-rpanb T-MnororpannnKa h3 5ojiee hcm d+1 
Bcpmnnbi Heoco6ou, ecjin cpe;i;H nepninn, KOTopbie b nee ne BXOflST, ecTb xoTa 
6bi flBC nepnbix n xots 6bi o^na 6ejiaa. Bce ocTajibnbie ne-rpann h3 6ojiee 
HCM d + 1 Bepmnnbi na30BeM oco6umu. 
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JleMMa 4.5. KpHTepnii Heoco6oH He-rpann h3 6ojiee neivi d+1 Bep- 

niHHbi. MnoMcecmeo M* U3 6ojiee hem d+1 eepmuHU nopoMcdaem Heoco6y'io 
He-epaub T-MHOsospauHUKa X* mosda u moAtKO mozda, Kosda eunojiHenu 
cjiedyiomue ycAoeuH. 

1. MnoMcecmeo X\M codepoKum xorriH 6u dee nepnue moHKU. 

2. MHOCHcecmeo X \ M codepcHcum xomsi 6u odny 6eAyio mouKy. 

3. Upu ydaABHUu U3 {d + 3)-y20A'bHUKa T-duaspaMMU X eunyKAOu o6o- 
AOHKU MHOCHcecmea uepnux moneK U3 X\ M , 6eAue uiohku us X\M 
AecHcam moAtKO e odnou us AynoueK, na Komopue pacnademcn ((i + 3)- 

yZOAhHUK. 

/l^OKaaaTejibCTBO. YcjiOBHe [3] paBHOCHjibHO TOMy, hto mhokgctbo X \ M 
He oSjia^aeT cbohctbom MflB. □ 

JleMMa 4.6. KpHTepnii oco6oh He-rpann h3 6ojiee neM d+1 Bep- 

mHHbi. MnoMcecmeo M* us 6oAee hcm d+1 eepmunu nopoMcdaem oco6y'to 
He-spaub T-MHOsospauHUKa X* e CAedyK)m,ux u moAhKO CAedymu^ux CAyna- 

rHX. 

1. MuoMcecmeo X \ M codepotcum ne 6oAee odnou Hepnou moHKU. 

2. B MHOCHcecmee X \ M ece moHKU nepnue. □ 

^jia TOHCK T-flHarpaMMbi Ri, . . . ,Rr o6o3HaHHM ^epea J\f{Ri, . . . ,Rr) 
HHCJio He-rpaneii h3 c? + 1 BepniHHbi, coflepjKainHx BepniHHbi Rl, . . . , R*. 

riycTb Ai 7^ Aj — ^epHbie tohkh neKOTopoii T-^narpaMMbi X. Bbe^eM 
cjie^yiomHe oSosHa^enHH: nycTb / = l(Ai, Aj) — hhcjio BepniHH (d + 3)- 
yrojibHHKa, jiejKamHx CTporo MejKfly A^ h Aj, gcjih hath ot A^ k Aj npoTHB 
nacoBOH CTpejiKH (hjih, KaK 5y;i;eM roBopHTb, no AeeoMy nymu). AnajiorHH- 
HO, r = r{Ai^ Aj) — hhcjio BepniHH {d + 3)-yrojibHHKa, jiejKamHx CTporo 
Me>K^y Ai H Aj, ecjin h^th ot Ai k Aj no nacoBoii CTpejiKe (hjih no npaeoMy 
nymu). Onennflno, I + r = d + 1. Hnor^a mm Sy^eivi HcnojibsoBaTb Bbipa- 
>KeHHe „HHCJio / (hjih r) ^jin Bepmnnbi Aj, cnnTaa ot Bepmnnbi A/'. B sthx 
o5o3HaHeHH5ix Bepna cjie^yioinaa jieMivia. 

JleMMa 4.7. Af{Ai,Aj) = Cf + C^. (3dect> u daAee mu CHumaeM = 
npu m > n uau m < 0.) 
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/l^OKaaaTejibCTBO. ^encTBHTejibHO, paccMOTpHM npoHSBOJibHyio ne-rpanb 
M* , coflep>Kamyio BepniHHbi A* h A* . Hpn y^ajienHH h3 ^HarpaMMbi X mho- 
jKecTBa M, ocTaBinneca Mepnbie tohkh ;i;oji>KHbi o6pa30BbiBaTb jiynoHKy (cm. 
KpHTepHH He-rpaHH h3 d + 1 BepniHHbi). T. k. tohkh Ai h Aj y;i;ajieHbi, to 
TOHKH 3T0H jiyHOHKH MoryT jih6o Bce jiejKaTb Ha jiGBOM nyTH, jihSo Bce Ha 
npaBOM. HpH 3T0M jiyHO^Ka yjKe ne mokgt coflep>KaTb Bce ^epnbie to^kh 
^HarpaMMbi X, ana^HT ee KpannHe BepniHHbi onpe^ejieHbi o;],H03HanHO. A 

HHCJIO CH0C050B BblSpaTb 2 BepHIHHbl Ha JieBOM HyTH ecTb Ci, Ha HpaBOM 

C^, Bcero HOJiynaeTca + C^. Hocjie Toro, KaK BbiSpanbi KpaiiHHe Bep- 
HiHHbi jiyHOHKH (a 3HaHHT H caivia jiyHOHKa, t. k. Ai ne MOJKeT aBJiaTbca ee 
BeprnHHoii), 6ejibie tohkh He-rpann onpe^ejieHbi 0flH03HanH0 (ho KpnTepnio 
He-rpaHH h3 (i + 1 BepniHHbi) . □ 

riycTb Aj ^ Ai — nepnbie tohkh T-^narpaMMbi. /Jjia 5ejiOH tohkh B, co- 
OTBeTCTByiomen tohkc Aj BbiHHCJiHM HHCJio Af{Ai, B) (t. e. nncjio ne-rpanen, 
coflepjKamHx peSpo A*B*). 

^jia SToro BBe;i;eM neKOTopbie o6o3HaHeHHa. 

PncyHOK 4.8. 




HyCTb TOHKH Ak H Af^+l TaKOBbI, HTO B JiejKHT B (0Hpe;i;ejieHH0M Ofl- 

H03HaHHo) TpeyrojibHHKe AAjA^Akj^i. OnpeflejiHM hhcjio a = a{Ai, Aj, B) 
cjie;i;yiOHi;HM o5pa30M (cm. pHC. 14.81) . 

EcjiH o^na h3 tohck A^ h A^+i conna^aeT c Aj, to nojio>KHM a = 0. Hnane 
o6e TOHKH Ak n A^+i Jie>KaT jinSo na jicbom nyTH, ne^ymeM h3 Ai k Aj, jinSo 
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Ha npaBOM. Hojiokhm ^hcjio a paBHbiM KOJinnecTBy BepmHH na btom nyTH 
Me>Kfly Ai H Toii h3 BepniHH Ak h A^+i, KOTopaa BCTpeTHTca nepBoii, c^HTaa 
Ak HJiH v4fc+i, HO He CMHTaa Ai. B sthx oSoaHaneHHax BepHbi cjieflyioin;He flBe 
jieMMbi: 

JleMMa 4.9. Tohku Aj u Ak odnosHaHHO onpedejintom CAedymw,uu Ha6op 
AynoHeK, codepotcamux moHKy B. 

1. Bech {d + 3)-y20A'bHUK; 

2. AynoHKa, npauHue eepmuHU Komopou ue coenadamm c Aj, ho cpedu 
eepmuH Komopou ecmpeHaemcM Aj; 

3. AynoHKa, odna U3 npauHux eepmuH Komopou ecmt Aj u cpedu eepmuH 
Komopou codepMcamcH Ak u Ak+i. □ 

JleMMa 4.10. J^{Ai, B) = Ir + a. 

/JoKaaaTejibCTBO. PaccMOTpnM npoHSBOJibHyio ne-rpanb M*, coflep>Ka- 
ntyio BepniHHbi A* h B*. CoflepjKaTb BepniHHy A* ona ne MO>KeT — Hnane 
HO JieMMe 13.41 o6 HHflyKn,HH, mhokgctbo X \ {Aj, B}, cocToantee ws 2d + 2 
TOHKH, aBJiajiocb 5bi T-flnarpaMMOH. Ecjih h3 nero y;i;ajiHTb eHi;e d—1 TOHKy, 
MHOJKeCTBO OCTaBHIHXCa TOHCK SyflGT oSjiaflaTb cbohctbom HflB. 

HiaK, TO^Ka Aj ne npHHa^JiejKHT M h anjiaeTca BepniHHoii neKOTopoH 
jiynoHKH L, o6pa30BaHHOH TOHKaMH h3 X\M. 3Ta Jiyno^Ka coflepjKHT TO^Ky 
B. 

HocKOJibKy jiynoHKa L ne coBnaflaeT co bcgm {d + 3)-yrojibHHKOM, ee 
KpaHHHe BepniHHbi (cKajKeivi, A^ h A^) onpeflejienbi o;i;H03HaHHO. 

SaMGTHM, HTO ecjiH HMecTca npoH3BOJibHaa jiyno^Ka L, Taxaa ^to cpe^H 
ee BepniHH nei Ai, ho ona co^epjKHT B, to, corjiacno KpHTepnio He-rpann h3 
d + 1 BepniHHbi, 3Ta JiynoHKa 3aflaeT poBHO o^ny ne-rpanb n3 d+l nepmnnbi, 
coflepjKamyio pe5po A*B*. 

HocHHTaeM hhcjio B03M0»cHbix cnocoSoB BbiSpaTb (neynopaflOHeHHyio) 
napy Bepmnn {d + 3)-yrojibHHKa Am h An TaK, htoSm ohh Smjih KpaiiHHMH 
BepmnnaMH jiynoHKH L, oGjia^aiomen yKa3annbiMH CBoncTBaMn. B cooTBeT- 
CTBHH c jieMMoii 14.91 paccMOTpHM 2 cjiynaa: 

CjiynaH 1. Hh o;i;Ha h3 Bepmnn A^ n A^ ne coBna^aeT c Aj. HocKOJibKy 
Aj aBJiaeTca Bepmnnon L, a Ai — neT, to o^na n3 ToneK A^, n An JiejKnT 
na JienoM nyTn, neflymeivi h3 Aj k Aj, a ;i;pyraa — na npanoM. Tor;i;a nncjio 
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cnocoSoB Hx Bbi6paTb paBHO Ir. JJ^Jin Ka>K^OH TaKoii napbi BepniHH cyme- 
CTByeT poBHO OflHa Jiyno^Ka, Taxaa hto Am h aBjiaiOTca ee KpannHMH 
BepniHHaMH, npHMeivi cpe;i;H ee BepniHH neT Ai (ho ecTb Aj). 

CjiynaH 2. OflHa h3 BepniHH Am h An, CKaaceivi, Am, coBHa;i;aeT c Aj. 
Tor;i;a, corjiacHO jieiviMe 14.91 cpe^n Bepmnn L flOJiJKHbi 6biTb BepniHHbi Ak h 
Afc+i. SnaHHT, BepniHHa An flOJi>KHa Jie>KaTb na tom >Ke (jieBOM hjih npaBOM) 
nyTH OT Ai K Aj, hto h h A^+i. KpoMe Toro, ecjiH h^th no 3T0My nyin ot 
Ai K Aj, TO Mbi flOJiJKHbi cnanajia BCTpeTHTb Bepmnny An, n tojibko hotom Ak 
H Ak+i (npn 3T0M An MOJKeT coBnaflaTb c toh h3 BepniHH Ak n Ak+i, KOTopyio 
Mbi BCTpeTHM nepBOii). Ho onpeflejiennio, hhcjio TaKHx Bepmnn na (jienoM 
hjih npanoM) nyin n ecTb a. SnannT, b stom cjiynae cymecTByeT poBHO a 
nap BepniHH Am n An, KOTopbie MoryT cjiy>KHTb KpannHMn BepmnnaMH L. 
H CHona fljia KajKflon h3 nafl^^ennbix nap Bepmnn cymecTByeT poBHO o;i;Ha 
jiynoHKa, TaKaa hto Am n An anjiaiOTCH ee Kpannnivin Bepmnnaivin, no cpe;i;n 
ee Bepmnn neT Ai. 

Bcero nojiynnjin Ir + a B03M0>KHbix jiynoneK L. □ 

IIpefljioaceHHe 4.11. Pe6po T-MHOsospaHHuna saMenameAbHoe mosda u 
moAbKO mosda, Kozda na T-duaspaMMe odnoMy us ezo Konv^oe coomeemcmey- 
em uepnasi mouKa, a dpysoMy — coomeemcmeyjoiUfaH eu 6eAaH. 

/IoKa3aTejibCTBO. Pe6po, coe^nniiiomee 2 nepnbie nepmnnbi, ne MoaceT 
6biTb 3aMeHaTejibnbiM no jieMMe 14 .71 /JencTBHTejibno, nocKOJibKy D > 4, to 
l + r = d+1 > 3, noBTOMy xoTa 6bi o^no h3 nnceji Z n r ne Menbme 2, 3naHHT 

cf + > 0. 

Pe6po, coeflnnaiomee 2 6ejibie nepmnnbi, ne MOJKeT 6biTb 3aMenaTejib- 
nbiM, noTOMy hto Bce d + 1 Sejibie tohkh o5pa3yiOT ne-rpanb no KpnTepnio 
(jieMMa [42ll ■ 

HycTb Tenepb Bepmnnaivin peSpa cjiy>KaT nepnaa TOHKa Aj n 5ejiaa toh- 
Ka C, npnneM C ne cooTneTCTByeT TonKe Aj. HycTb TonKe Aj cooTBeTCTByeT 
TOHKa B. PaccMOTpnM Mno»cecTBO ToneK T-;i;narpaMMbi, cocToamee n3 6e- 
jioii TOHKH B H Bcex nepnbix ToneK, KpoMe Aj. /l^Jia SToro Mno>KecTBa ne 
Bbinojineno ycjionne HflB, cjie^OBaTejibno ero ^onojinenne M nopojK^aeT 
ne-rpanb. HpoTHBopenne 3aMeHaTejibnocTn. 

B o6paTnyio CTopony yTBepjKflenne cjie^yeT h3 JieMMbi o6 nn;i;yKn;nn, KaK 
3T0 yjKe 6biJio nponepeno npn flOKa3aTejibCTBe npeflbiflymen jieiviMbi. □ 

Tenepb nee totobo ;i;jia ;i;0Ka3aTejibCTBa cjieflyiomen TeopeMbi. 

TeopeMa 4.12. 
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1. KoM6uHamopuKa T-MHOsospaHHuna odnosHaHHO eoccmaHaeAueaemcH 
no KAaccy aKeueaAeHniHocmu no duazouaAfiM ezo T-duazpaMMU FeuAa. 

2. /(am ak>6ozo T-MHOsospauHUKa X KOMdunamopuKa ( e cmucac aneuea- 
AenniHocmu no duasonaAMM) eso T-duaspaMMU FeuAa X* odnosHan- 
Ho eoccmanaeAueaemcH no KOMdunamopHUM ceoucmeaM X. 

HepBaa nacTb TeopeMbi cjie^yeT h3 KpHTepneB ne-rpanH (cm. jieMMbi [4.21 
^OKaaceM BTopyio nacTb TeopeMbi. 

HycTb HMeeTca T-MHororpaHHHK X* h ero T-;i;HarpaMMa X. HoKajKeM, 
HTO ii;BeTa tomck X oflHoanaMHO onpeflejienbi KOMGnHaTopHKoii X* . 

Bjiaroflapa npe^Ji. 14.111 KOMSnHaTopHKa X* nosBOJifleT pasjiH^aTb napbi 
H3 HepnoH BepniHHbi h cooTBeTCTByiomeH efi Sejioii. HoKa mm ne mokgm ot- 
jiHHHTb Hepnyio BepniHHy ot Sgjioh, gcjih STa Sejiaa BepniHHa cooTBeTCTByeT 
poBHO o;i;hoh nepHOH. Ho ecjiH Sejiaa TOHKa cooTBCTCTByeT cpaay ^ByM nep- 
HbiM (TaKHe Sejibie tohkh cymecTByiOT) , to h3 nee bbixoaht 2 aaMenaTejibHbix 
pe6pa, H Mbi MO>KeM OTjiH^HTb ee ot 2 ^epnbix, kotopmm ona cooTBeTCTByeT. 
Be3 orpaHHHeHHa oGmnocTH Sy^eM CHHTaTb, hto bto BepniHHbi Ai h Ad+2,- 
3a(J)HKCHpyeM Hepnyio TOHKy C (oTjiHHHyio ot Ai h Ad+'i) h cooTBeTCTByio- 
myio eii Sejiyio TOHKy B. 

B 3THX oSosHaneHHax c4)opMyjiHpyeM h flOKajKCM pa^ BcnoMoraTejibHbix 

JIGMM. 

JleMMa 4.13. Hucao N'{Ai,C) — A/'(Ad+3,C) UMeem dpysyw HemHocmb, 

HCM HUCAO d + 1. 

^OKaaaTejibCTBO. BocnojibsyeMca jieMMOH l4.7l H saMeTHM, hto npn aaMene 
Ai Ha Ad+3 HHCJia / h r MenaiOTca na 1. 

rToflpoSnee, nycTb /i h ri — ^HCJia / h r fljia BepniHHbi C, CHHTaa ot o^hoh 
H3 BepmHH Ai HjiH Ad+3, a /2 H r2 — HHCJia / H r ^jia BepniHHbi C, cnnTaa ot 
flpyroii h3 hhx. He orpannnnBaa o5ii];hocth, Sy^eM CHHTaTb, hto li — 12 = 1, 
Ti — r-) = —1 (nnane noMenaeM MecTaMH HHCJia li vi I2, a TaK jKe ri h r2). 

\^^iA„c)-^^{Ad^s,c)\ = n+c^-cf-c^j = \ci^,-ci+cx_-cx\ = 

\Cl-Cl.^-i\ = 1/2-^2 + T. e. HHCJioAA(A,C)-Ar(Arf+3,C) HMeeT ^pyryio 
HeTHOCTb, neM I2—T2, a snannT h ^pyryio neTnocTb, neM l2 + r2 = d+1. □ 

JleMMa 4.14. Hucao J\f{Ai, B) — N'{Ad+3, B) coenadaem no HemHocmu c 
HUCAOM d + 1. 
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/^OKaaaTejibCTBO. HycTb /i, /2, h ^2 — nncjia, onncanHbie Bbime (npH^eM 
h — h = 1, Ti — r2 = —1). HojioJKHM oi = a{Ai, C, B) m a2 = (^4^+3, C, B). 

Mncjia Oi H 02 He MoryT 6biTb paBHbi o;i;HOBpeMeHHO, t. k. Hnane Bepmn- 
Ha B jiejKajia 6bi b AAiAd+aC, b KOTopoM yace ecTb o;i;Ha Sejiaa BepniHHa, 
a HMeHHO npHJiejKamaa k CTopone AiAd+j,- HosTOMy hhcjio ai — 02 paBHO 
jihSo 1, jih5o —1. Tenepb yTBepjK^eHHe cjie^yeT h3 jicMMbi [4.10[ □ 

Bjiaro^apa jieMMaM l4.13l H l4.14l KOMSnHaTopHKa T-MHororpannHKa OflHO- 
3HaHH0 onpe^ejiaeT ii;BeT Kaxcfloro h3 kohii;ob jiioSoro aaMenaTejibHoro peSpa. 

3tO 3HaHHT, HTO I^BGTa BCGX TOHCK TaKJKG onpeflejiGHbi. 

CjieflOBaTejibHO, ^Jia BeKTopHoii ^narpaMMbi Fefijia (onpeflejiaeMofi o^- 
H03HaHHo) X npo Ka>KflbiH BeKTop H3BecTH0, KaKoro n,BeTa TOHKy oh nopo>K- 
^aeT Ha a4)(J)HHH0H T-^narpaMMe Fenjia. 

CjieflOBaTejibHO, Bbi6op njiocKOCTH e (cm. pnc. II. 11) b Gojibinofl CTenenH 
npeflonpeflejien h ne BJinaeT na KOMGnnaTopHKy T-;i;HarpaMMbi. □ 

Cjie^CTBHe 4.15. CAedywmue 2 ymeepMcdeHUH paenocuAbHu: 

1. /(ee T-duaspaMMU X uY aKeueaAenmHU no duazouaAfiM. 

2. /fee T-duazpaMMU X uY KOM6uHamopHO aKeueaAeumHU. 



^0Ka3aTejibCTB0. Cjie;i;cTBHe 2^1 OHeBH;i;HO, flOKajKeM 1^2. 
IlycTb flBe T-flHarpaMMbi X uY SKBHBajienTHbi no flHaronajiflM. Ho nep- 
Bofi nacTH TeopeMbi, OTCiofla cjie^yeT, hto X* h Y* KOMSHnaTopno SKBHBa- 

JieHTHbl KaK MHOrOrpaHHHKH. Ho OHH CMejKHOCTHbie, nOSTOMy, KaK H3BeCTH0 

(cm. BCTynjienne) , hx MHOJKecTBa BepniHH KOMSnnaTopHO SKBHBajieHTHbi Kax 
MHOJKCCTBa TOHCK. SnaHHT, cooTBCTCTByioiuHe BCKTopHbie ;i;HarpaMMbi Feli- 
jia X H y KOMSnHaTopno SKBHBajieHTHbi. KpoMC Toro, mm flOKa3ajiH, hto 
ecjiH X* H y* — T-MHororpaHHHKH, to npo KajK^yio nx nepmnny H3BecTno, 
KaKoro n,BeTa Tonxy ona ^acT b T-^narpaMMC. T. k. (p ^acT KOMGnnaTopnbin 
H30Mop4)H3M X* H Y* KaK MHOJKecTB TOHCK (h, tcm Sojicc, KaK MHororpaH- 
hhkob), to (p coxpanacT n;BeT toh tohkh, KOTopaa nojiynnTca h3 BCKTopa b 
X n B y. HosTOMy X nY KOMSnnaTopno SKBHBajienTnbi. □ 

Cjie^CTBHe 4.16. Fpynnu KOM6uHamopHux aemoMop(f)U3Moe X u X* kg- 

HOHUHeCKU U30M0p4>HU. □ 

Cjie^CTBHe 4.17. Fpynna aemoMop^usMoe T-MHOsospauHUKa ne deucmey- 
em na eso eepmimax mpaHsumueHO (e oruAUHue om hukauhcckoso mhoso- 
zpauHUKa). □ 
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Cjie^CTBHe 4.18. 

1. JIio6oMy T-MHOsospaHHuny coomeemcmeyem 3-depeeo (xapanmepu- 
cmuHecKoe depeeo Sam ezo T-duazpaMMU Feujia). Oho eduHcmeeuHO 
c moHHOcmhK) do cmchu v,UKAUHecKoso nopndKa eepmuH na npomueo- 

nOAOOfCHUU. 

2. JItodoe 3-depeeo c ne Menee, ueM 8 eepmunaMU, sadaem eduH- 
cmeeHHUu c mouHocmtiK) do KOMdunamopHou 3'KeueaAeHmHocmu T- 

MHOZOZpaUHUK. □ 

JXjih BOCCTanoBjieHHa T-^narpaMMbi Feiijia no KOMSHHaTopHKe T- 
MHororpaHHHKa Mbi ncnojibsoBajiH ^ocTaTonno cjio>KHbie HHBapHanTbi (^hc- 
jio He-rpaHeii, co;i;epjKaiii;Hx ;i;aHHoe peSpo). Cjie;i;yioiii;a5i Teopeivia (mm ee 
npHBOflHM 6e3 ;i;0Ka3aTejibCTBa) yTBepjKflaeT, hto Sojiee npocTbiM HHBapnaH- 

TOM oSoHTHCb HG y^aCTCH. 

TeopeMa 4.19. B ak)6om T-MHOzozpauHUKe pasMepHocmu D hucao zpaneu 
c m eepmunaMU, codepMcavu^ux daHHyw eepuiuny, aaeucum moAbKO om D u 
m, HO He om duaspaMMU u eu6paHH0u eepmuHU. Oho coenadaem c coom- 
eemcmeywmuM hucaom dAH u,UKAUHecKoso MHOsospaHHuna. 

/JoKaaaTejibCTBO ocHOBano na jieMMax 14.21 14.51 h 14.61 □ 
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